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A research program was conducted to determine the aero/acoustic perform- 
ance of a representative supersonic cruise inlet. The discussion herein is 
limited to inlet aerodynamic performance. A fan simulator was coupled to the 
inlet to provide characteristic noise signatures and to pump the Inlet flow. 
Data were obtained at Mach numbers from 0 to 0.2 for the inlet equipped with 
an auxiliary inlet system that provided 20 to 40 percent of the fan flow. 
Results show that inlet performance improved when the inlet bleed systems were 
sealed; when the freesteam Mach number was increased; and when the auxiliary 
inlets were opened. The inlet flow could not be choked by either centerbody 
translation or by increasing the fan speed when the 40 percent auxiliary inlet 
was incorporated. 


INTRODUCTION 

Supersonic cruise inlets are designed to provide optimum performance at 
cruise conditions. As a result, the inlet cowl lip is sharp, bleed systems 
are incorporated in the design and the inlet capture area is smaller than that 
required at takeoff conditions. Therefore, auxiliary inlet systems are neces- 
sary to provide the additional engine airflow that is required at takeoff. 

These additional openings in the inlet nacelle provide additional paths for 
propagation of fan generated noise. Acoustic analysis, references 1 to 3, 
shows that forward propagated fan noise would be a prominent noise component 
at both takeoff and approach conditions. Aerodynamically, because of the in- 
ternal flow characteristics of supersonic inlets at low speeds, large perform- 
ance penalties could result from lip flow separations, reference 4, and from 
inflow bleed. Reduction of inlet performance penalties and reduction of air- 
craft generated noise to the surrounding community are of paramount importance. 

Reductions in propagated fan noise levels could be accomplished through 
inlet choking techniques and careful design of auxiliary inlet systems. Use 
of variable geometry techniques could reduce lip flow separation and Improve 
inlet performance. Experimental verification of these techniques and design 
concepts at ground static and low speed conditions would be of utmost import- 
ance to insure that overall inlet performance is not compromised. 

A schematic of an axisymmetric translating centerbody inlet shown in 
figure 1(a), illustrates the various aero/acoustic phenomena that may he pre- 
sent at static , takeoff, and approach conditions. The top half of the sketch 
shows the inlet with the centerbody extended and auxiliary inlets full open 
providing maximum flow area in the inlet. Air flows into the inlet through 
the main inlet duct, and through the auxiliary Inlets. Because of the cowl's 



sharp lip, Internal flow separation Is encountered at the Inlet cowl lip. Low 
Internal duct static pressures serve to pump additional flow Into the Inlet 
through the cowl and centerbody bleed systems. This Inflow bleed Increases 
the compressor face distortion which decreases the engine stall margin. Also, 
fan generated noise propagates to the surrounding environment through the In- 
let main duct and open auxiliary Inlets. 

The lower half of the sketch illustrates several techniques to maintain 
inlet aero/acoustic performance at ground static and low speed conditions. 
Aerodynamical ly, retracting the centerbody reduces the cowl lip Mach number 
which minimizes lip flow separation. Sealing the Inlet bleed systems prevents 
reverse airflow into the inlet duct and eliminates a possible source of In- 
creased flow distortion. Acoustically, Inlet choking to reduce noise propaga- 
tion is accomplished by reducing the Inlet throat area (centerbody retracted) 
and the auxiliary inlet area. Each of these inlet conditions could increase 
flow distortion. Acoustic treatment of the inlet internal surfaces could also 
enhance the inlet acoustic attenuation. 

Before the termination of the Supersonic Cruise Research (SCR) effort by 
NASA, a program was initiated to acauire test data on the aero/acoustic per- 
formance of a supersonic cruise inlet at speeds representative of takeoff and 
landing operations. An initial test was conducted with a supersonic cruise 
aircraft at ground-static conditions (ref. 5). Results indicated significant 
reduction in noise level even though the inlet duct could not be choked. 
Preparations continued for a more comprehensive test using an existing well 
instrumented inlet model that is representative of typical flight hardware. 
Particular attention was paid to aerodynamic performance and noise transmis- 
sion aspects of auxiliary inlet system concepts. The effects of forward 
speed, sharp lip flow separations, bleed system back-flow, and realistic 
auxiliary inlet-flow distortions were considered of fundamental importance to 
the investigation. 

Participants in this program were NASA Lewis and NASA Langley and the 
three SCR contractors, Boeing, Lockheed, and Douglas. Each participant (ex- 
cept NASA Langley) was to design, fabricate, and test auxiliary inlet systems 
that would be representative of their auxiliary inlet concepts and be adapted 
to the existing inlet model system. The NASA-Ames P-inlet model was selected 
for this investigation. Its design is representative of proposed supersonic 
criuse inlet designs, and auxiliary inlet systems could be easily accommo- 
dated. The inlet system was coupled to a JT8D refan simulator powered by an 
air turbine. The fan simulator provided characteristic fan noise signatures 
and pumped the airflow through the inlet. The objective of the program was to 
test each design to determine experimentally its aerodynamic and acoustic 
performance. 

The inlet system was mounted in the NASA-Lewis 9xl5-ft anechoic wind 
tunnel. Test data were obtained at freestream Mach numbers of 0 to 0.2. The 
fan simulator ..dS operated at corrected speeds ranging from 40 percent to 90 
percent of rated speed. 

This paper presents a summary of the aerodynamic performance obtained 
during the NASA-Lewis portion of the program, (which is the only portion of 
the program which has been completed to date). 


APPARATUS AND PROCEDURE 


The inlet used in the investigation is the NASA-Ames P-inlet. This is a 
mixed-compression inlet designed for a cruise Mach number of 2.65. The inlet 
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is an axisymetrlc, translating centerbody design with a cowl lip diameter of 
49.723 cm. The model size is approximately 1/3 scale of an Inlet suitable for 
application on a supersonic transport. This Inlet model was previously tested 
over a range of Mach numbers from mid-subsonic to its design supersonic cruise 
Mach number. The results of these tests are reported in references 6 to 8. A 
photograph of the model Installed in the 9xl5-ft anechoic wind tunnel is shown 
in figure 1(b). The microphone array was used to record the far field noise 
signatures eminating from the inlet model. The acoustic results of the 
NASA-Lewis investigation are reported in reference 9. 

Figure 2 shows a schematic of the test inlet model. Both internal and 
external contours are representative of flight hardware. Cowl and centerbody 
internal aerodynamic contours are listed in tables I and II of reference 8. 
Originally, the model had a remotely operable centerbody and bypass doors. 

For the test reported herein, only the centerbody position was varied to 
change internal flow conditions and inlet throat area. The bypass door sec- 
tions were modified to accept the various auxiliary inlet systems. The model 
also features multiplenum boundary layer bleed systems for the cowl and the 
centerbody. Various bleed hole patterns could be used, however, only bleed 
pattern 4 of reference 8 was used. The cowl bleed pattern is fixed. The 
centerbody has a traveling bleed system, and a detailed description is found 
in reference 8. Both cowl and centerbody bleed systems are representative of 
flight systems and any inflow bleed would be representative of actual 
conditions. 

Inlet area variation with centerbody translation is shown in figure 3. 
Throughout the test only five centerbody positions were used from fully 
extended to fully retracted. These positions are indicated on figure 3. 
Aerodynamic and acoustic data were obtained at each of these centerbody 
positions. 

A schematic of the inlet model coupled to the JT80 refan simulator in- 
cluding total pressure rakes and dynamic pressure instrumentation locations is 
shown in figure 4. The NASA-Lewis JT80 refan simulator (refs. 10 and 11), was 
selected to provide the pumping characteristics and noise signatures that 
would be representative of a Variable Cycle Engine (VCE). A transition sec- 
tion coupling the inlet to the JT8D refan simulator was necessary because of 
the slight difference in mating internal duct diameters. The transition 
length was maintained as short as possible based on aerodynamic considerations. 

The model instrumentation consisted of inlet total pressure rakes mounted 
at the cowl lip, throat, and compressor face stations. The cowl lip rake had 
two static probes included in the rake to aid In calculation of cowl lip Mach 
number. Surface static pressure taps were located along the cowl and center- 
body internal surfaces. Their locations are identified in tables 11 and 12 of 
reference 8. The JT80 refan simulator had total pressure rakes installed in 
the inlet guide vanes and downstream of the exit stators in both the bypass 
duct and core duct. Oynamic pressure transducers were located on the cowl and 
centerbody and used to determine noise propagation characteristics through the 
inlet duct. During a contractor test phase, a traversing total pressure probe 
was mounted downstream of the inlet throat to survey the duct flow from cowl 
to centerbody at the various centerbody translated positions. Selected total 
pressure profiles will be presented in this report. 

Compressor face instrumentation detail is shown in figure 5. A total of 
twelve total pressure rakes were used to determine the compressor face flow 
characteristics. Static pressure taps were located at the hub and tip of each 
rake and on the side walls of the struts. Therefore, each auadrant was com- 
pletely instrumented. The compressor face station was used as the flow 
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measuring station. Combination steady state-dynamic total pressure probes 
were Installed In rakes located at 45, 135, 225, 315 degrees to measure the 
dynamic content of the compressor face flow. 

The NASA-Lewl s designed auxiliary Inlet configurations are shown In 
figure 6. The entrance flow area was designed to provide 20 and 40 percent of 
the Inlet cowl lip area. Static pressure taps were located along the center- 
line of the auxiliary Inlet ramp and aft lip surfaces. A cover plate was 
fixed over the 40 percent auxiliary Inlet entrance when a closed auxiliary 
Inlet configuration was tested. A photograph of the 40 percent auxiliary In- 
let system Is shown In figure 7. The Inlet guide vanes of the JT80 refan 
slmualtor are visible through the auxiliary Inlet entrance. 

Inlet data were obtained by first selecting a fan corrected speed with 
the centerbody at Its fully extended position. The centerbody was then 
retracted to each of the four additional preselected positions (see fig. 3). 
Aerodynamic data was recorded for each centerbody position while acoustic data 
recording was more selective. Another fan speed value was set and the process 
repeatec until inlet choking conditions or fan stall limits were reached. 

Data were recorded at these limits. 

Since the JT80 refan simulator could pump more airflow than the design 
airflow for the P Inlet (equivalent VCE airflow), a relationship Is required 
to equate the JT8D refan test corrected speeds to typical VCE corrected 
speeds. To provide this relationship a JT8D refan speed was selected that pro- 
vided a model compressor face Mach number representative of a typical VCE 
value at takeoff throttle condition, (compressor face Mach number of 0.6). 

This JT8D refan corrected speed was then defined as "100 percent VCE fan 
equivalent design speed. " Table I lists the values of JT8D refan corrected 
speeds used during the test program and their equivalent VCE percent design 
corrected speeds. Throughout this paper, test data will be presented as fan 
equivalent design speed. 

The tests were conducted in the NASA-Lewis 9xl5-ft anechoic wind tunnel 
at freestream Mach numbers of 0, 0.1, and 0.2. A freestream Mach number of 
0.2 is a maximum tunnel condition. 


RESULTS AND DISCUSSION 
Effect of Bleed, Auxiliary Inlets Closed 

Inlet performance at a freestream Mach number of 0.2 with the auxiliary 
inlets closed is shown in figure 8. Performance comparisons are made for In- 
let configurations with full open bleed systems and with the bleed systems 
sealed. At a given fan corrected speed, the inlet throat Mach number was 
varied by retracting the centerbody from full extend, (aX/RL ■ 1.57), to full 
retract, (aX/RL « 0). Throat Mach numbers were calculated by using the lowest 
value of the throat region static pressure measured along the cowl centerline 
to the average throat rake total pressure. A simple Mach number pressure 
ratio relationship was then used. 

Inlet pressure recovery over the inlet operating range for the open bleed 
configuration was from 1 to about 6 percent below the pressure recovery for 
the sealed bleed configuration. Also, inlet distortion Increased more rapidly 
with open bleeds and varied from 2 to 14 percent greater than the distortion 
for the sealed bleed configuration. 

For the sealed bleed configuration, inlet choking conditions were nearly 
reached with the centerbody in the f ull retracted position at a fan equivalent 
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design speed of 73 percent. Here the pressure recovery and distortion were 
about 0.87 and 0.19, respectively. Inlet choking conditions were realized for 
fan equivalent design speeds of 86 and 93 percent at centerbody positions of 
aX/Rl of 0.8 and 1.57 (full extend), respectively. At these conditions, pres- 
sure recoveries were about 0.89 and distortions about 0.16. Data show that 
surface Mach numbers greater than 1.0 were recorded. This means that the flow 
expanded beyond the inlet tnroat. No fan stalls were encountered with the 
bleeds closed. 

With the bleed systems open, the centerbody could be fully retracted only 
for fan equivalent design speeds of 46 and 59 percent. However, for fan 
eauivalent design speeds of 73 and 86 percent, the centerbody could be 
retracted only 60 percent of Its travel to a aX/RL of 0.64. fan stall limits 
were encountered at a centerbody position of aX/RL of 0.64 for fan equivalent 
design speeds of 73 and 86 percent because of high distortion caused by the 
reverse bleed flow. Inlet choking conditions were not realized because of the 
fan stall limitations. At the stall limit for the fan equivalent design speed 
of 73 percent, the pressure recovery was 0.91 with a distortion of 0.19. At a 
fan eauivalent design speed of 86 percent, the stall limit pressure recovery 
was about 0.85 and the distortion about 0.30. A fan equivalent design speed 
of 93 percent was not attemped due to the high distortion at 86 percent speed. 

A sample of the total pressure profiles throughout the inlet duct at a 
centerbody position of aX/RL of 0.8 is shown in figure 9. Data are compared 
for inlet configurations with and without bleed at a freestream Mach number of 
0.2 and fan equivalent design speed of 73 percent. This data is for a throat 
Mach number of about 0.75. Traversing probe data is included here and defines 
the total pressure profile from cowl to centerbody just downstream of the 
throat rake. The effect of inflow bleed from the cowl bleed system is shown 
in all profiles from the throat rake to the compressor face rake, figure 9. 

Air inflow through the bleed system distorts the profile at the cowl surface 
at the throat station and this low pressure region persists at the compressor 
face rake. Traversing probe data shows evidence of the low energy Inflow 
bleed on the cowl and flow separtion off the centerbody. The effect of inflow 
bleed on the centerbody is difficult to determine because of the inherent 
centerbody flow separation. With the bleeds sealed, the influence of the 
centerbody separation appears to dominate and the nigh pressure is near the 
cowl at the compressor face rake. 

Total pressure contours at the compressor face station for a fan eqi va- 
lent design speed of 73 percent are shown in figure 10. The contours were 
constructed for each compressor face quadrant to provide more realistic flow 
visual izat ion for an inlet system with support struts ahead of the compressor 
face. The total pressure contours were constructed for each quadrant by using 
the measured static pressures on the cowl, hub and strut sidewalls as the 
boundaries. The rake total pressures were then faired radially and circum- 
ferentially to obtain the proper contours. Characteristic of all the cor tour 
plots are the pressure gradients in the strut region, and a four per rev flow 
pattern that an engine would experience. Four per rev flow patterns are not 
necessarily bad and in some cases, engines have shown more tolerance to this 
flow pattern than was previously anticipated, reference 12. The magnitude and 
extent (circumferential) of the pressure gradients in the strut regions could 
be contributing factors to engine tolerance for this type of flow pattern. 

Total pressure contours for the conditions of figure 9 are shown in 
figure 10(a). With inlet bleeds open, the higher pressure region is nearer 
the centerbody. Also, there appears to be some asymmetry in this contour 
pattern. When the inlet bleed system is sealed, a fairly symmetrical pattern 
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results. The influence of the centerbody separation is seen in the hub region 
as noted above. Here, the contour shaping suggests that the centerbody flow 
separation tends to be channeled to the center of each auadrant at the hub 
surface. 

With bleed systems sealed, the Inlet was operated near a choked condition 
for a centerbody position of aX/Rl of 0 at a fan equivalent design speed of 73 
percent. The total pressure contour for this condition is shown In 
figure 10(b). As noted above, the high pressure collected at the cowl as a 
result of the strong Influence of the centerbody flow separation. Pressure 
lobes in the strut corners of the cowl show possibility of vortex flow forma- 
tion. At this full retract position of the centerbody, the distortion was 
near 20 percent, however, no fan stall was encountered. 

The total pressure contour at the fan stall limit for the open bleed sys- 
tem configuration and fa" equivalent design speed of 73 percent Is shown In 
figure lGyc). The influence of the cowl inflow bleed again dominates and the 
high pressure is near the centerbody. A hint of asymmetry at the stall condi- 
tion is also noted. 

From the results of figures 8 to 10, it appears that the design of a 
supersonic cruise inlet should have provisions to prevent Inflow bleed during 
low speed operation with the auxiliary inlets closed. Design of inlet bleed 
systems, which incorporate divices to prevent Inflow bleed, may be a formid- 
able task. 

During the test program when auxiliary inlets were open, data were ob- 
tained with the bleed systems opened and closed. However, the remaining data 
presented in this report will be for inlet performance with sealed bleed 
systems. 


Inlet Performance With Auxiliary Inlets 

The effect of varing auxiliary inlet entrance area at a freestream Mach 
number of 0.2 is shown in figure 11. No fan stalls were encountered. Inlet 
choking could be accomplished with closed auxiliary inlets, as was noted 
above, and also with the 20 percent auxiliary inlet configuration. The data 
with auxiliary inlets closed (fig. 11(a)), is reported in figure 8. For the 
20 percent auxiliary inlet configuration, inlet choking did not occur until a 
fan equivalent speed of 100 percent was reached (fig. 11(b)). At this fan 
speed, inlet choking occured when the centerbody was retracted to a position 
of aX/RL of 0.4. At a fan equivalent design speed of 113 percent, inlet chok- 
ing occurred at a centerbody position of aX/Rl of 1.00. 

The inlet could not be choked when the 40 percent auxiliary inlets were 
employed even when the fan was operated at a fan equivalent design speed of 
113 percent, figure 11(c). As a result, the inlet throat area could be varied 
over the complete range without choking, (centerbody translation from 
aX/RL = 1.57 to 0.0). 

In general, the pressure recovery variation with throat Mach number was 
nearly the same for the open auxiliary Inlets with the 40 percent configura- 
tion slightly higher. The pressure recovery for the closed auxiliary inlet 
configuration varied from about 1 to 3 percent below open auxiliary inlets. 
However, when comparisons are made at the same fan eauivalent design speeds, 
differences are noted. For example, with the 40 percent auxiliary inlet and 
a fan equivalent speed of 100 percent, the pressure recovery varied from 0.98 
to 0.97 as the throat Mach number was increased (fig. 11(c)). With the 20 
percent auxiliary inlets at the same speed, the pressure recovery varied from 
0.95 to 0.91 for increasing throat Mach numbers (fig. 11(b)). This would be 
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expected since the throat Mach numbers vary from 0.69 to a choke condition for 
the 20 percent auxiliary Inlets, a more severe Inlet operating range. The 40 
percent auxiliary Inlets only operated from throat Mach numbers of 0.5 to 
about 0.72. 

For all three auxiliary Inlet configurations, distortion values were less 
than 0.10 for throat Mach numbers less than 0.75. At fan equivalent design 
speeds of 100 percent, the highest distortion recorded for the 40 percent 
auxiliary inlets was 0.10 while for the 20 percent auxiliary inlets, the high- 
est distortion recorded was about 0.19 (an inlet choke condition). 

In general, at a freestream Mach number of 0.2, the pressure recovery and 
distortion are influenced more by the inlet throat Mach number and less by the 
auxiliary inlet entrance area. 

Total pressure profiles throughout the inlet duct for the various auxil- 
iary inlet configurations are presented in figure 12. Data are compared for a 
centerbody position of aX/RL of 0.8 and a f=*fs eauivalent design speed of 73 
percent at a freestream Mach number of 0.2. The lip rake total pressure pro- 
files show that with the auxiliary inlets closed, some lip flow separation is 
evident. As the auxiliary inlets are opened, lip flow separation is consider- 
ably reduced for the 20 percent auxiliary inlets and little evidence of lip 
flow separation is seen when the auxiliary inlets are opened to 40 percent. 

The differences in static pressures at the throat rake illustrates the change 
in Mach number as the auxiliary inlets are opened. Also noted is the dimin- 
ishing influence of the lip flow separation on throat profiles as the auxil- 
iary inlets are opened. At the compressor face rake station, the total 
pressure profile for the closed auxiliary inlet shows the influence of the 
centerbody flow separation, as noted above. The total pressure profiles for 
the 20 percent and 40 percent auxiliary inlets appear to be fairly flat. How- 
ever, the influence of the slip rlow between the auxiliary inlet flow and the 
main duct flow is seen by the slight depression in the profiles at radius 
ratios of 0.8 and 0.7 for the 20 percent and 40 percent auxiliary inlets 
respectively. It also appears that the centerbody flow separation has a 
slight influence on the total pressure profile for the 20 percent auxiliary 
inlet. 

Compressor face total pressure contours for the three auxiliary inlet 
configurations of figure 12 are presented in figure 13. It is interesting to 
note the difference in the strut contour patterns when the auxiliary inlets 
are opened and closed. With the auxiliary doors closed, smooth contour lines 
are seen along the strut side walls, while with open auxiliary inlets the con- 
tour lines are influenced by the slip flow between the main duct and auxiliary 
inlet flows. As noted above, when the auxiliary inlets are closed, the 
centerbody flow separation influences the flow near the hub. 

Fffect of Mach Number on Lip Flow Separation 

Effect of freestream Mach number on lip flow separation for the three 
auxiliary inlet configurations is presented in figure 14 for a fan equivalent 
design speed of 73 percent. Presented in the figure are cowl lip rake total 
pressure profiles and respective cowl lip Mach numbers for each auxiliary in- 
let configuration. A Mach number was calculated for each total pressure probe 
on the rake that was not immersed in the separated region. These Mach numbers 
were then averaged and are presented in the figure. Data for centerbody posi- 
tions of 1.57 and 0 are presented. In general, the extent of lip flow separa- 
tion is reduced as the freestream Mach number is increased for all data 
presented in figure 14, 
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In figure 14(a), for a centerbody position of 1.57, data show that the 
radial extent of lip flow separation is reduced as freestream Mach number is 
increased. However, only the auxiliary Inlet opening of 40 percent shows the 
lip flow separation nearly eliminated at a freestream Mach number of 0.2. At 
this condition, the cowl lip Mach number is about 0.3. 

At a centerbody position of 0, no lip flow separation is observed for all 
configurations at a freestream Mach number of 0.2 (fig. 14(b)). For all three 
configurations, it is noted that the cowl lip Mach number is lower than 0.23. 
However, lip flow separation persists for all auxiliary inlet configurations 
at the ground-static condition (Mo » 0). For a freestream Mach number of 0.1, 
lip flow separation is nearly gone for the 40 percent auxiliary inlet config- 
uration but remains for the 20 percent and the closed auxiliary inlet config- 
uration. It is noted that as the cowl lip Mach number is reduced to values 
between 0.2 and 0.25, the lip flow separation begins to wane. 

In general, as the freestream Mach number is increased, the radial extent 
of the lip flow separation is reduced. Increasing auxiliary inlet opening, 
and retracting the centerbody, decreases lip flow separation until cowl lip 
Mach numbers approach values of 0.2 to 0.25. It appears that when a free- 
stream Mach number of 0.2 is reached and the cowl lip Mach number approaches 
this value, cowl lip flow separations are minimized or eliminated. 

Internal cowl static pressure distributions for various auxiliary inlet 
configurations and centerbody positions are shown in figure 15. Data are pre- 
sented for an equivalent fan design speed of 73 percent at a freestream Mach 
number of 0.2. 

For a centerbody position of 1.57, the aerodynamic throat is clearly de- 
fined at the cowl lip station for all three auxiliary inlet configurations 
(fig. 15(a)). The cowl lip separation modifies the inlet's geometric area 
variation in the region of the cowl lip. Based on one dimensional inviscid 
calculations and the area distribution for aX/RL of 1.57 (fig. 3), a minimum 
pressure ratio was obtained at the cowl lip for each auxiliary inlet configur- 
ation's pressure distribution. The dashed lines on figure 15(a) represents 
the projection of the data if no separation were present. It appears that the 
linear extent of lip flow separation could be defined as the juncture of the 
dashed line and data for each pressure distribution. When the auxiliary in- 
lets are closed, the separated flow appears re-attached to the cowl at a model 
station of about 3.2. As the auxiliary inlets are opened, re-attachment 
moves forward to the cowl lip. For the 40 percent auxiliary inlet configura- 
tion re-attachment occurs at a model station of about 2.7. 

When the centerbody is fully retracted, no lip separation is evident at 
the cowl lip and the aerodynamic throat is defined at a model station of about 
4.3 (fig. 15(b)). The static pressures at the compressor face station (model 
station 7.2) show that as the auxiliary inlets are opened, the main duct flow 
and the flow from the auxiliary inlets are accelerated to the compressor face 
Mach number as determine by the fan speed. The difference in the static pres- 
sures for the three auxiliary inlet configurations are a result of difference 
in total pressure recovery for the various configurations. The slight depres- 
sion in the static pressure distributions at a model station of about 5.4 is 
due to the localized flow acceleration around the strut leading edge. In 
general, opening auxiliary inlets and retracting the centerbody reduces the 
linear extent of lip flow separation. 

Auxiliary Inlet Performance 

Static pressure distributions on the ramp and lip surfaces of the auxil- 
iary inlets are presented in figure 16 for 73 and 100 percent fan equivalent 
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design speeds. Data are presented for two centerbody positions and at a free- 
stream Mach number of 0.2. At a centerbody position of 1.57, the static pres- 
sure distribution Is nearly the same for the 20 and 40 percent auxiliary Inlet 
configurations. The ramp static pressures show the gradual Increase In flow 
velocity as the airflow Is channeled Into the auxiliary Inlet. The lip static 
pressure distribution shows that the stagnation point Is near the lip high 
1 Ite with an acceleration zone just downstream on the Internal lip surface. 

The flow continues to accelerate Into the auxiliary Inlet channel with another 
acceleration zone at the entrance Into the main duct, model station 7.05. 

This static pressure distribution is characteristic of the auxiliary Inlets 
for various centerbody positions and fan equivalent design speeds. 

As the centerbody is retracted and the fan speed increased, the Mach 
number in the lip acceleration zone Increases as well as the Mach number in 
the acceleration zone at the entrance into the main duct. The acceleration 
zone at the main duct corner entrance indicates supersonic flow has been 
attained (fig. 16(a)). This localized supersonic flow on the cowl just down- 
stream of the auxiliary inlet could serve to impede the propagation of any 
noise that is generated by high fan tip speeds. Thus a source of fan noise 
reduction is possible if the design of auxiliary inlets could produce local- 
ized sonic or supersonic conditions at high engine airflow without deteriora- 
tion of inlet performance. 


SUMMARY 

A supersonic cruise inlet whose design is representative of typical 
flight hardware was tested for aero/acoustic performance in the NASA Lewis 
9x15 ft anechoic wind tunnel at ground-static conditions, and at freestream 
Mach numbers of 0.1 and 0.2. Supersonic cruise inlets require auxiliary in- 
lets at the lew speed takeoff conditions in order to provide the airflow that 
the engine demands. The selected aerodynamic data, presented and reported 
herein, were obtained to determine the effect of inflow bleed on inlet per- 
formance when the auxiliary inlets were closed, and the effect of open auxil- 
iary inlets with the inlet bleed system sea T, :d. This performance data was 
also obtained to aid in defining the acoustic characteristics of a typical 
supersonic cruise inlet. 

The results of this investigation are as follows: 

Inlet operation with the auxiliary inlets closed shows that the inlet 
could be choked when the bleed systems were sealed. Operation with the bleed 
systems opened caused inflow bleed, which Increased distortion such that fan 
stall limits were reached before inlet choking could occur. 

With the inlet bleed system sealed, good performance was obtained with 
the 20 and 40 percent auxiliary inlet openings. The inlet could be choked 
with the 20 percent auxiliary inlet but only at fan equivalent design speeds 
of 100 and 113 percent. 

Increasing the freestream Mach number reduces the radial extent of the 
lip flow separation. At a freestream Mach number of 0.2, cowl lip flow sepa- 
ration is minimized or eliminated when cowl lip Mach numbers approach values 
of 0.2 obtained by either centerbody translation, increasing auxiliary inlet 
opening, or a combination of the two. 

High airflow into the auxiliary inlets produced localized supersonic con- 
ditions at the cowl surface juncture of the auxiliary Inlet and main duct. 

This localized sonic or supersonic condition could provide an acoustic 
impedence to any propagation of fan noise to the surrounding environment. 
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A local duct area 

ACL cowl lip area ■ 0.1942 sq.m (300.981 sq.ln. ) 

DISTA compressor face distortion ■ (Plmax - Plmln) /P2 

Mo freestream Mach number 

ML cowl lip Mach number 

Mt throat Mach number 

P2 average compressor face total pressure 

Po freestream total pressure 

PI local total pressure 

p static pressure 

RL cowl lip radius ■ 24.862 cm (9.788 In) 

r radius 

X Axial distance from theoretical tip of centerbody at aX ■ 0 

aX forward translation of centerbody from theoretical retracted cruise 

position 
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JT8D refan 
corrected speeds 

ICE fan equivalent design 
corrected speed, 
percent 

40 

46 

50 

59 

60 

73 

70 

86 

75 

93 

80 

100 

90 

113 
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PARTIALLY CLOSE 


U! Low speed aero-a:o;j sties, 


Ibt Modified P -inlet with auxiliary inlets installed i n the 9x15 ft wind tunnel 
Figure 1. - Low spied aero-acousucs test 
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Figure 3. - Inlet area variation. 



MODEL STATION, X/RL 

Figure 4. - Modified P-inlet and fan simulator instrumentation. 
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• STATIC PRESSURE (COWL, CENTERBODY, STRUTS) 
■ DYNAMIC PRESSURE TRANSDUCERS (STATIC) 
o COMBINATION DYNAMIC AND STEADY -STATE 
TOTAL PRESSURE PROBE 
o TOTAL PRESSURE 

Figure 5, - Compressor face instrumentation. 
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(a) Auxiliary inlet closed. 

(b) 40% ACL auxiliary inlet opening. 

(c) 20% ACL auxiliary inlet opening. 

Figure 6. - Auxiliary inlet configurations. 
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Figure 8. - Effect of inflow bleed on inlet performance with 
auxiliary inlets closed. M 0 *T). 20, 
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LOCAL TOTAL PRESSURE/FREE -STREAM TOTAL PRESSURE, Pl/Po 
Figure 9. - Inlet dud total pressure profiles, auxiliary inlets sealed, 73% fan equivalent design speed, M Q » 0,2, AX/RL 
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(a) Cowl and center-body bleeds sealed. DlbTA « 0. 108 P2/P0 • 0.932. 
(bl Cowl and centerbody bleeds open. 01 STA ■ 0. 192 P27PO ■ 0 909 

aX/RL • 0. 8 

Figure 10. - Compressor face total pressure contours, auxiliary Inlets 
sealed, 73 percent fan equivalent design speed, Mq * 0.2. 
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(a) Auxiliary inlets closed. 

(b) 20% auxiliary inlets. 

(c) 40% auxiliary inlets. 

Figure 11. - Effect of auxiliary inlets on inlet performance with 
inlet bleed systems sealed. M Q - 0. 20. 
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Figure 13. * Compressor (ace total pressure contours, 73 percent fan 
equivalent design speed, bleed system sealed, (V^ • Q.2,.-.X/RL • 0, 1 







LOCAL TOTAL PRESSURE/FREE -STREAM TOTAL PRESSURE, Pl/Po 
(b) AX/RL - a 
Figure 14. - Concluded. 
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MODEL STATION, X/RL 



(a) AX/RL - 1. 57 

(b) AX/RL - 0. 


Figure 15. - Internal cowl static pressure distribution for various 
auxiliary inlet settings and centerbody positions, bleed systems 
sealed, 73% fan equivalent design speed, M 0 * Ol 201 
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INLET STATION, X/RL 

(a) 20% auxiliary doors 

(b) 40% auxiliary doors. 

Figure 16. - Auxiliary inlet static pressure distributions 
for various fan speeds and centerbody positions. No 
bleed, Mo * 0. 20. 


